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^ SPECIFICATION 

1 . Title of the Invention 

Disk Cache Device 

2. Claims 

1 . A disk cache device, comprising a magnetic disk, a cache memory, and a 
controller for controlling said magnetic disk and cache memory, wherein said 
disk cache device is characterized by the fact that said controller determines 
whether or not said cache memory contains data for which an access request 
has been received from a host computer, actuates the spindle motor of said 
magnetic disk only when [said data] are not present in said cache memory, 
and again stops said spindle motor after access to said magnetic disk has been 
completed. 

2. A disk cache device as defined in Claim 1, characterized by the fact that said 
controller stops the operation of the spindle motor of said magnetic disk 
when said cache memory contains data for which an access request has been 
received from said host computer. 

3. A disk cache device as defined in Claim 1 or 2, wherein said spindle motor 
of said magnetic disk is not switched between operation and stoppage when 
the hit rate is lower than a separately determined value. 

4. A disk cache device as defined in Claim 2, wherein said controller actuates 
said spindle motor of said magnetic disk when data for which an access 
request has been received from said host computer are not present in said 
cache memory. 

3. Detailed Description of the Invention 

Field of Industrial Utilization 

The present invention relates to a disk device having a cache memory. 
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As described in the conventional examples cited in the DRPO 40C product 
specifications for hard disks manufactured by Alps Electric, commands for placing a 
magnetic disk in a low power consumption mode (and thus to lower the power consumption 
of the magnetic disk device) have in the past been issued by a host computer. An 
alternative has been to allow a magnetic disk itself to automatically switch to a low power 
consumption mode when no commands have been received by the magnetic disk over a 
predetermined period of time. 

Problems Which the Invention Is Intended to Solve 

With the aforementioned prior art, no consideration was given to the power 
consumption of a magnetic disk having a disk cache, and no provisions were made for 
reducing the power consumption of such magnetic disks. For a magnetic disk having a 
disk cache, however, a request for accessing the disk from the host computer (even when 
such a request is made) does not require accessing the disk while the corresponding data are 
held in the cache memory, that is, while a hit is made, and the power consumed by the disk 
in this period is wasted. It is therefore desirable to place the disk in a low power 
consumption mode when the requested data have been hit, even if an access request has 
been received from the host. 

It is, however, impossible for the host computer to determine whether the requested 
data have been hit or missed, so the host computer cannot place the disk in a low power 
consumption mode when the requested data are hit, and electric power is wasted. 

An object of the present invention is to lower the power consumption of a magnetic 
disk device having a disk cache. 

Means Used to Solve the Above-Mentioned Problems 

Aimed at attaining the stated objective, the present invention involves actuating a 
magnetic disk only when the cache memory does not contain the data requested by the host 
(when a miss occurs) and the magnetic disk is accessed, and placing the magnetic disk in a 
low power consumption mode under all other conditions. Specifically, the magnetic disk is 
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• switched between different rnj^es of operation by a magnetic disk co^p)ller independently 
of the host computer. 



As used herein, the term "low power consumption mode of a magnetic disk" refers 
either to a mode in which power supply to ENDEC, an R/W circuit, or another signal 
processing circuit has been cut and the spindle motor of the disk stopped, or to a mode in 
which power supply to a signal processing circuit has been cut, but the spindle motor 
continues to operate. 

Effect of the Invention 

Because the magnetic disk controller controls the cache memory, it is clear whether 
or not the data requested by the host have been hit or missed. The fact that the magnetic 
disk controller switches the magnetic disk between an operating mode and a low power 
consumption mode makes it possible to place the magnetic disk in the low power 
consumption mode when the data have been hit. 

Practical Examples 

A practical example of the present invention will now be described with reference to 

figures. 

Figure 2 is a block diagram of the hardware pertaining to a practical example of the 
present invention. 

In Figure 2, 201 is a host computer, 202 a host interface controller, 203 a 
disk/cache memory controller, and 204 a cache memory. 

An encoder/decoder data separator (205), a waveform shaping circuit (206), and an 
R/W circuit (207) are components of a signal processing circuit; the disk/cache memory 
controller 203 can control the feeding and cutting of power via power save control 2. 

210 is a spindle motor drive. The disk/cache memory controller 203 can control the 
manner in which a spindle motor 211 is switched on and off via the spindle motor 
drive 210 by means of power save control 1. 
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A processing run pa^rmed in accordance with the present i^ention will now be 
described with reference to Hgure 1. The processing starts with st™l. In step 12, the 
disk/cache memory controller 203 switches off the spindle motor 211 using power save 
control 2. In conjunction with this, the power supply of the signal processing circuit is 
switched off using power save control 1. 

Next, in step 13, the disk/cache memory controller 203 is held in a standby mode of 
low power consumption until a request is received from the host. As referred to herein, the 
low power consumption mode may, for example, involve stopping the input of clock 
[pulses] to the disk/cache memory controller, reducing the loss of electric power. 

In step 14, in which a request is received from the host, the disk/cache memory 
controller 203 cancels the low power consumption mode. 

Next, in step 15, the disk/cache memory controller 203 determines whether or not 
the data requested by the host have been hit or missed. In the case of a hit, data are 
exchanged between the cache memory and the host during step 16. If a miss occurred 
during step 15, the spindle motor 211 of the magnetic disk is switched on during step 17, 
and power is fed to the signal processing circuit of the magnetic disk. In step 18, data are 
exchanged between the host and the magnetic disk via the cache memory 204, and in 
step 19 the spindle motor 211 of the magnetic disk is switched off again, and power is cut 
off from the signal processing circuit of the magnetic disk. 

Another practical example will now be described with reference to Figure 3. 

This practical example envisages preventing the spindle motor from being switched 
on and off with high frequency when the hit rate is low. 

Steps 301 through 309 are the same as steps 11 through 19 in Figure 1. In this 
practical example, the disk/cache memory controller 203 determines in step 310 whether 
the hit rate has until now been high or low when the request from the host has failed to 
retrieve data during step 305. Values serving as high and low reference levels should be 
separately preset, and the current hit rate compared with these numerical values. 
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If the hit rate is higlWhe same processing as in the practicalexample above will be 
performed. If the hit rate iBw, the spindle motor 211 of the diskWswitched on (if it has 
been switched off) in step 311. Next, in step 312, data are exchanged between the disk and 
the host via a cache memory 204. 

Merits of the Invention 

Because the present invention involves operating the spindle motor of a magnetic 
disk only in the case of a miss, the loss of electric power is reduced, and power 
consumption can be lowered. 

Another advantage is that because the spindle motor always operates when the hit 
rate is low, it is possible to reduce the time delay caused by the switching on and off of the 
spindle motor. 

4. Brief Description of the Drawings 

Figure 1 is a flow chart showing the processing performed in accordance with a 
practical example of the present invention, Figure 2 is a block diagram of the hardware [for 
carrying out the processing shown] in Figure 1, and Figure 3 is a flow chart showing the 
processing performed in accordance with another practical example of the present 
invention. 

Key 

203: disk/cache memory controller, 204: cache memory, 205: encoder/decoder data 
separator, 206: waveform shaping circuit, 207: R/W IC, 211: spindle motor 



6 



Figure 1 
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Key to Figure 1 



11 Start 

12 Disk spindle motor off 

13 Disk controller maintains standby mode of low power consumption until request received from 
host 

14 Disk controller cancels low power consumption mode when request received from host 

15 Request from host? 
(Below 15) Hit 

16 Data exchange between cache memory and host 
(Above 17) Miss 

17 Disk spindle motor on 

1 8 Data exchanged between disk and host via cache memory 

19 Disk spindle motor off 
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Figure 2 
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Key to Figure 2 
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Key to Figure 3 



301 Start 

302 Disk spindle motor off 

303 Disk controller maintains standby mode of low power consumption until request received 
from host 

304 Disk controller cancels low power consumption mode when request received from host 

305 Request from host? 
(Below 305) Hit 

306 Data exchange between cache memory and host 
(Above 310, 

to the right 

of 305) Miss 

310 Hit rate? 



(Above 307) High 

307 Disk spindle motor on 

308 Data exchanged between disk and host via cache memory 

309 Disk spindle motor off 
(Above 311, 

to the right 

of 310) Low 

311 Spindle motor switched on if previously off 

312 Data exchanged between disk and host via cache memory 
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